BUILDING MAINTENANCE AND REPAIR DATA FOR LIFE-CYCLE COST ANALYSES: REPORT GENERATION

INTRODUCTION Background
Maintenance' and repair (M&R) cost estimates are needed during planning, design, and operations/maintenance of Army facilities. During planning, life-cycle costs are needed to evaluate alternative ways to meet requirements (e.g., lease, new construction, renovation of existing facilities). During design, M&R requirements for various types of components, such as built-up or shingle roofs, are needed to help minimize the total life-cycle cost of the building. Finally, once the facility has been constructed, future predictions of M&R costs are needed to program enough funds to ensure that Army facilities are maintained properly, i.e., that they do not deteriorate from lack of maintenance.
The Directorate of Engineering and Construction (EC), Headquarters, U.S. Army Corps of Engineers (HQUSACE),*" asked the U.S. Army Construction Engineering Research Laboratory (USACERL) to coordinate the assembly of a single, centralized maintenance and repair data base for use by Corps designers. This research was required because designers were not able to obtain reliable maintenance and repair data to support their life-cycle cost (LCC) analysis from installations or from the technical literature. One of the first tasks in the research effort was to determine if reliable data bases that could be adapted for Corps use, existed in government or private industry. Research showed that comprehensive data bases of maintenance costs for government and private sector facilities did not exist. The little data available always depended on widely varying standards of maintenance used to maintain the facilities for which the data was collected and thus was unreliable for prediction purposes. Recognizing this, HQUSACE asked tSACERL to develop a maintenance and repair cost data base. This data is for use by U.S. Army Corps of Engineers (USACE) designers in performing life-cycle cost analyses during the design of new facilities. Initial results were presented in several USACERL reports.' Soon after this request, the Facilities Programming and Budgeting Branch of the Facilities Engineering Directorate asked USACERL to develop prediction models for future maintenance requirements for Army facilities. The EC Programming Office, which is responsible for Military Construction, Army (MCA) planning, also requested that USACERL provide methods and automated tools to help installations perform economic analyses. Part of the objective was to allow analysts to obtain future maintenance cost data.
In this report, maintenance means all work required to keep a facility in good operating condition, including all maintenance, repair, and replacement of components required over the life of a facility. At the time of this request. EC was part of the Office of the Chief of Engineers, which has since reorganized. In addition, EC has now become the Directorate of Military Programs (CEMP). In response to these requests, USACERL began a multi-year effort to develop a comprehensive M&R research program for buildings. This coordinated program is the key to all detailed estimation of future maintenance costs for Army facilities.
Research Performed and Reports Published
This is one of several interrelated reports addressing maintenance resource prediction in the facility life-cycle process. This report includes all labor, material, and equipment resources required to accomplish M&R over the life of the facility. The total research effort is described in a USACERL Technical Report. 2 This multi-year research project has produced several products, four of which are described below.
The first research product is a data base containing maintenance tasks related to all building construction components, such as a shingle roof or a sink. This task data base provides labor, material, and equipment resource information as well as the frequency of task occurrence. This information is published in a series of four USACERL Special Reports titled Maintenance Task Data Base for Buildings. 3 Each volume approaches one engineering system: (1) architectural, (2) heating, ventilating, and air-conditioning (HVAC), (3) plumbing, and (4) electrical. Figure 1 shows an example from this data base. This data is also available in electronic form. The data base is used in a personal computer (PC) system under the IBM Disk Operating System (DOS). This computer program allows a facility to be defined by entering the components and component quantities comprising the facility. The tasks are used to determine the resources required annually to maintain the facility.
The second research product is a component resource summary for the first 25 years of a facility. The tasks for the component are scheduled and combined into one set of annual resource requirements. This annual resource information is published in a series of four USACERL Special Reports titled Maintenance Component Data Base for Building Systems. 4 Figure 2 shows an example from this data base. The data base is also available in electronic form. This data can be used to perform various types of economic analysis, e.g., one for a 20-year life using an 8 percent discount rate.
The third research product is a set of 25-year present worth tables for use by designers in selecting components for design features with little or no effect on building energy use (using a discount rate of 10 percent) and components for design features with a significant effect on building energy use (using a discount rate of 7 percent). The taik-resources were scheduled for the first 25 years of facility Figure 3 shows an example from this database. The data base is also available in electronic form. The first three resource columns provide data that allows designers to calculate the life-cycle costs at any location by multiplying by the correct labor rate, equipment rate, and material geographic adjustment factor. The multiplication and addition have been performed for the Military District of Washington, DC, at a particular time, and results are given in the fifth column of The fourth research product is a PC system that describes facilities after you enter the components within the facility. The system predicts future year resources by applying the individual tasks and then forming resource summaries by subsystems, systems, facilities, installations, reporting installations, Major Commands (MACOMS), and the Army as a whole. A summary-level computer system was also developed for use by the Department of the Army (DA) and MACOMS. The summary-level system applies the most basic data contained in the current facility real property inventory files: (1) current facility use, (2) floor area, and (3) construction date.
Objectives
The two major objectives of this report are to present: (1) the information required to produce lifecycle cost analysis data for any specific project related economic conditions, (2) an overview of the total research effort, including the reports published on this research program.
Approach
The first research activity was to survey the literature for available maintenance data and review the historical data available at Army installations. No comprehensive task resource data base was located. A review of historical data revealed that installations have always been underfunded and that the (limited) available data shows only when work was performed, not when it should have been performed. The Navy had developed a series of manuals dealing with labor hours required to perform several basic maintenance tasks. This work had been adopted by the Department of Defense (DOD) for tri-service use, published as Technical Bulletins (TBs 
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Next, a sample of USACE District offices was surveyed to determine what data sources they used and to solicit their opinions on structure and content of a maintenance data base. An advisory committee composed of District personnel, installation representatives, and private sector consultants met and agreed that there was no accurate historical data available. They recommended that a data base be developed using the Engineered Performance Standards rather than historical data.
The third activity was to develop a task resource data base. This task resource data base included all labor, material, and equipment resources required to produce accurate maintenance and repair data. Once th,: basic task data base was developed, a component summary data base was created by summing all task resources for a component. Individual task labor hour, equipment hour, and material costs resources were summarized by facility age for the first 25 years of the facilities' lives.
Life-cycle cost data bases were generated from the component data base. Component summaries were input into this computer program to compute present worth values for each component.
Scope
This report describes the user friendly computer input screens required to generate project specific life-cycle cost analysis data tables. These tables can be used by designers performing life-cycle cost analysis in the private or government sectors.
Mode of Technology Transfer
The tables pertinent to designer use will be issued as a supplement to Technical Manual (TM) 5-802-1, Economic Studies for Military Construction Design-Applications (DA, 31 December 1986).
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PROBLEM DEFINITION
In the facility life-cycle process, costs are incurred in construction, operation, maintenance, and disposal of a facility. In the past, emphasis during the planning, design, and construction phases has been placed on estimating initial construction costs. The impact of operating and maintaining facilities has always been a secondary consideration. In many cases, the O&M costs are far greater than initial construction costs. Building owners are concerned with the total ownership costs of facilities rather than just the initial construction costs.
The Army has realized the importance of performing total life-cycle cost analyses for facilities at the design stage and of accurately forecasting these costs for funds programming. In 1980, HQUSACE asked USACERL to develop a method to estimate future building maintenance costs. In 1982, the programming branch of the former Facilities Engineering Directorate asked USACERL to develop effective models to help forecast facility maintenance resource requirements based on actual facilities. Life-cycle cost economic studies are an integral part of facility design in the MCA program. Requirements for performing these studies are given in: The miin purpose of these studies is to minimize the life-cycle costs of Army facilities.
To perform life-cycle cost analyses on facility designs, four categories of costs are needed: initial, operating, maintenance, and salvage. Initial costs are usually easy to estimate through existing cost estimating systems such as the Corps of Engineers Computer Assisted Cost Estimating System (CACES), standard publications such as Means, or Dodge, or by contacting local vendors and contractors. Operating costs can be estimated by using energy consumption models such as the Corps of Engineers Building Loads Analysis and System Thermodynamics (BLAST) 7 program or the Trane Company's Trace program. However, accurate estimates of maintenance costs are not available.
There are no comprehensive data bases of maintenance costs for building components either in the private sector or state/federal governments. Some historical data is available from the Building Owners' and Managers' Association reports. This data is essentially restricted to only a few of the building types found in the Army inventory and therefore could not solve the entire problem. Within the Army, the Integrated Facilities System (IFS) contains some historical data, but lacks a feature for defining several types of a building component (e.g., having brick and wood exteriors or three types of floor covering). Moreover, the data in IFS has not been kept current. For example, at one installation several family housing units were shown as having wood siding when, in fact, they had been covered with aluminum siding several years before.
THE COMPUTER PROGRAM Introduction
The computer programs and data required to produce both printed tables and ASCII computer file outputs are enclosed on two diskettes labeled "LCCAI" and "LCCA2". This section describes how to load the programs into your personal computer and how to run the program to produce output. The programs are written in dBase III.* The phrases Beneficial Occupancy and Beneficial Use are synonymous. The phrase used depends on the client's preference. In this report, Beneficial Use is used.
Loading Computer Programs and Data
First you must create a new directory to store the programs and data. The computer must be able to store 7 MB of information. The next step is to copy the two files on the two diskettes into the directory. The third step is to type LCCAI and press and enter key; then LCCA2 and again press the enter key. The last step is to delete files LCCA1.EXE and LCCA2.EXE.
Running the Program
While in the new directory, the main program can be called by typing "LCCA" and pressing the enter key. Figure 4 shows the main menu for the maintenance and resource data for life-cycle cost analysis.
Maintenance and Repair Database for
Life-Cycle Cost Analysis 
Special Keys
Several special keys are used by this program:
* F4 edit key is used to edit parameters on the screen.
* F5 edit key is used to set the phrases printed on report headers * F6 start processing key is used to start the generation of a new data set, a report, or the creation of an ASCII file.
* FlO exit key is used to move back to the previous screen.
* Down and up arrows are used to move the highlight over the field to be edited or selected.
* Enter key is used to select the highlighted option or to move to the next field to be edited.
Program Functions
The program performs three basic functions:
1. The first option, Generate New Data Set, allows the user to define the basic input parameters required to produce a new data base.
2. The second option, Report on Existing Data Set, allows the user to create one of five different reports from the current data base.
3. The third option, Export Data to an ASCII File, allows the user to create a data file with no headers or footers for loading into other computer programs such as spreadsheet programs.
Generate New Data Set
The time to perform this function can vary between I and 2 hours depending on computer and printer speeds. Selection of this option displays the input screen shown in Figure 5 . An explanation of each field is given in the following paragraphs:
1. Location: The user can enter the exact location for the data base to be produced. This phrase will be printed on each report. The default phrase "Washington, DC" is in Figure 5. 2. Date of Study: The date of study will be printed on each output report.
3. Years Between Date of Study and Beneficial Use Date: The user may enter any number zero or greater. The default value of "3.00" is shown in Figure 5 .
Years Between Beneficial Use Date and End of Study Date:
The user may enter any whole number. The default value of "25" is shown in Figure 5 . This period is often known as the building economic or functional life. 6. Material Cost Inflation Factor: This value will change the July 1985 costs to the actual date for the start of the study. This value can be calculated by using a construction index such as Engineering News Record. Divide the index for the start of the study by the index for July 1985 to calculate this factor. 7. HVAC Zone: There are 10 HVAC zones in the United States (Figure 6 ). Zone 11 is for Germany. Enter the correct zone for the actual location. Task frequencies are a function of the HVAC zone.
Real Discount Rate:
Enter the discount factor expressed as a percentage.
9. Task Scheduling: The user may schedule the performance of tasks at either: (1) mid-year, or (2) end of the year. Figure 5 shows the default (2) end of the year.
F4 -Edit Resource Costs:
The user may add the correct labor and equipment rates for the actual location. The screen shown in Figure 7 will be displayed. The user may enter the actual values by pressing the F4 edit parameters key. Washington, DC, rates are shown as default values.
11. F6 Start Processing: when all data have been entered, press the F6 start processing key to begin processing. The old data base will be deleted first, then the new data base will be generated. The system will display the component ID as the components are processed. 
Report on Existing Data Set
The time to generate reports varies depending on the computer and printer speeds. The time to produce a 40-page report covering all systems may range from 3 to 5 hours. The system allows the user to produce five different reports (Figures 8-12 ):
1. Total Unit Costs: this report contains three columns: (a) component description, (b) unit of measure, and (c) total unit cost. An example page is shown in Figure 8 . This is the same type of information as given in the "Washington, DC" column of Figure 3. 2. Resources and Total Unit Costs: this report has the three columns described earlier and three new columns showing the labor hours, material costs, and equipment hours for each component. An example page is shown in Figure 9 . This is the same type of information as given in the left side of Figure 3 .
3. Computer Input -Unit Costs: this report shows five columns: (a) component description, (b) unit of measure, (c) unit costs for annual maintenance, (d) year of task occurrence, and (e) unit costs for replacement and high cost tasks. The replacement task is always given on the same line as the component description. High cost tasks are listed below the component description. An example page is shown in Figure 10 . This data has been calculated by applying the labor, equipment rate, and material adjustment and cost escalation factors to the right side of Figure 3. 4. Computer Input -Resource and Unit Costs: this report provides labor hours, material cost, and equipment hour resources in addition to the basic report described in (3) above. An example page is shown in Figure II . This is the same type of information as given in the right half of Figure 3 . Figure 12 . 6. After selecting a report format, the user must select the engineering systems to be included within the report as shown in Figure 13 . The user can include all systems or select one of the four systems (architectural, plumbing, electrical, or HVAC 
Total Maintenance and Repair Costs: this report is shown in
7.
The report can be printed to a printer, a file, or both as shown in Figure 14 . The user must enter the name of the file in the following format: 8. The total number of lines on a printed page including all margin lines must be entered. A normal 8-1/2 x II in. paper printed six lines per inch would be 66 lines. At 12 lines per inch using compressed print this would be 132 lines.
9.
The report can be started by pressing the F6 (Start Report Key). Messages will be displayed as the calculation proceeds.
Export Data to an ASCIi Data File
The user can transfer the report data from this program to any other program through the use of an ASCII file as shown in Figure 15 . A file composed of the rows and columns of data will be produced. This file will contain no headers nor footers. The ASCII file can be read into any other computer program. All file names are in the format ASCII.XY where X is equal to the Report Requested Number (I to 5) and Y is equal to the Systems to be Included Number (I to 5). 
